Background/Objectives: The glycaemic index (GI) is used to describe the blood glucose-raising potential of carbohydratecontaining foods. Only a few descriptions of the addition of GI values to national food composition databases (FCDBs) exist. We tested whether the value documentation framework established within the European Food Information Resource (EuroFIR) Network could be used for GI values when adding them to the Finnish FCDB. Methods: The list of foods requiring GI values was based on the National FINDIET 2007 Survey data and extended with foods encoded in a food-frequency questionnaire used in other nationally representative studies. The minimum quality of GI measurements was verified when gathering values from various sources, using earlier defined criteria. If a measured GI value for a food was directly available, or could be imputed or estimated, the value was added to the Finnish FCDB and documented using core standard vocabularies of EuroFIR. The GI values of composite foods were calculated using recipe calculation software. Results: A total of 2210 foods required a GI value. GI values for 1322 foods were available and added to the FCDB. The remaining 888 foods were composite foods and received a GI value through recipe calculation. The standard vocabularies describing the origin of the GI values, the methods used in their derivation and their qualitative characteristics were suitable for GI values. Conclusions: GI values can be added to FCDBs and documented using terms similar to those used for traditional food composition data. Standardised value documentation may provide transparency for GI database compilation processes.
Introduction
The concept of the glycaemic index (GI) was developed in Canada in the beginning of the 1980s to rank available carbohydrate (CHO)-containing foods according to their postprandial blood glucose response (Jenkins et al., 1981) . The GI of foods is measured in postprandial feeding studies and defined as the incremental area under the blood glucose response curve of a 50 g CHO portion of a test food, expressed as a percentage of the response to an equivalent CHO portion of a standard food taken by the same individual (FAO/WHO, 1998) .
GI values of foods are used in epidemiological studies to calculate dietary GI values, which are used to reflect the average glycaemic impact of CHO-containing foods in diets. The results of epidemiological studies exploring associations between dietary GI and chronic diseases have been inconsistent (Du et al., 2006; Barclay et al., 2008) . One reason for the discrepancy may stem from the discordant linkage of existing GI values to foods, thus leading to poor comparability of different GI data sets (van Bakel et al., 2009) . Furthermore, methodological issues in the determination of the GI of foods have drawn attention when interpreting the results of studies that explore diet-disease relationships (Venn and Green, 2007) . GI data sets therefore need to be based on accurate GI measurements and compiled according to a consistent and transparent methodology.
GI values have hitherto not been standard components of traditional food composition databases (FCDBs). Only two reports on the addition of GI values to FCDBs exist (Martin et al., 2008; Schakel et al., 2008) . These reports focus on the compilation of GI values from different sources. In addition, detailed descriptions of the compilation process of GI data sets have been published and mainly refer to separate dietary data sets of nutritional epidemiology (Flood et al., 2006; Neuhouser et al., 2006; Olendzki et al., 2006; Similä et al., 2009) .
The addition of GI values to FCDBs should be technically feasible, although GI values represent a food property different from traditional food composition values. Lately, traditional FCDBs seem to have covered new areas such as bioactive food components (Pennington, 2002) and dietary supplements . Such development sets new requirements for food composition data management. The European Food Information Resource (EuroFIR) Network has been active in standardising various aspects of traditional food composition by, for example, harmonising definitions, preparing requirements for FCDBs and establishing consistent systems of value documentation through Standard Operation Procedures (EuroFIR, 2009) . How GI data management could profit from such harmonising remains unknown. Moreover, the authors are unaware of articles dealing with standardised GI value documentation in traditional FCDBs.
The addition of GI values to FCDBs seems justified because the management of GI values and their use in nutritional research uses recipe calculation procedures. The GI values of composite foods are normally calculated from the GI values of their CHO-containing ingredients (Schakel et al., 2008) . Because recipe calculation procedures use traditional food composition data (food recipes, the CHO content of ingredients), the storage of GI values in the FCDB enables their direct use, together with other food composition values.
Our aim was to document GI values using standardised value documentation established within EuroFIR, and adding the GI values to the Finnish FCDB (THL, 2009) , which adheres to the EuroFIR requirements for FCDBs. To achieve this, we had to determine whether the documentation framework was suitable for GI values. In addition, we aimed to test the use of the recipe calculation procedure of our inhouse computer software used for the management of the FCDB in the calculation of composite food GI values.
Materials and methods

Selection of foods requiring GI values and description of GI values
The list of foods used in present-day Finland and requiring GI values was compiled using the food consumption data of the National FINDIET 2007 Survey (Paturi et al., 2008) . This list was extended with foods encoded in our in-house foodfrequency questionnaire that was used to collect nutritional data for epidemiological study purposes in several nationally representative studies, such as the Health 2000 Survey (Heistaro, 2008) and a substudy of the National FINRISK 2007 Study (Peltonen et al., 2008; Konttinen et al., 2010) . We used core standard vocabularies of the EuroFIR value documentation to describe GI values (Møller et al., 2008) .
Derivation of GI values
GI values were obtained from sources for which the methodology of GI measurements could be verified to be in line with the internationally presented recommendations (FAO/WHO, 1998; Brouns et al., 2005) . GI values were selected according to minimum quality criteria for the GI measurement methodology detailed in a previous paper (Similä et al., 2009) . Data source for the GI data set comprised values published in peer-reviewed scientific journals, including some values from an in-house laboratory (Hätönen et al., 2006) . GI values for some typical Finnish CHO-containing foods were derived from unpublished in-house laboratory data. In addition, we also used unpublished GI values listed in the International Tables of Glycemic Index and Glycemic Load Values .
Application of GI values to foods
In our GI data set, all GI values were assigned relative to the glucose standard (the GI of glucose solution ¼ 100). If a GI was measured using white bread as the standard, the GI values were multiplied by a factor of 0.7 according to general recommendations (FAO/WHO, 1998). For foods containing no CHO (for example, plain meat, oils) or only negligible amounts of CHO, and thus contributing only minutely to the CHO supply in the diet (for example, some low-fat margarines, liver), the GI was set to a logical zero. If several GI values were available for a given food (for example, several values from the literature and one value from our in-house laboratory), we assigned the arithmetic mean of the GI values. If a GI value for a given food was missing, we imputed the GI of a related food (for example, the most similar food in terms of food structure and CHO source).
Calculation of GI values for composite foods
The GI values for composite foods, consisting of several CHO-containing ingredients, were obtained through a recipe calculation procedure, which generally followed principles defined earlier (Reinivuo et al., 2009 ). In the Finnish FCDB, the composite food recipes are organised in multiple levels (for example, composite food ingredients can be composite foods themselves with their own recipes), thus forming a single-rooted directed acyclic graph data structure. We used a recipe traverse algorithm to extract the information from the data structure to perform the GI calculations. The algorithm was adjusted to suit the requirements of the GI calculation (Equation 1).
Equation 1 represents the calculation for the GI value of a composite food, where k is the ingredient, CHO is the available carbohydrate per 100 g, p is the proportion of the ingredient in the recipe and n is the number of ingredients in the recipe. First, the GI values and the proportional CHO contents (calculated as the proportion of the ingredient in the recipe multiplied by the CHO content per 100 g of the ingredient) were calculated for all ingredients and multiplied to yield the proportional GI values. Because the data are organised according to a multilevel structure, the GI values and CHO-contents values for the ingredients were derived through either another recipe calculation or the direct use of stored values. The proportional GI values were then divided by the sum of all proportional CHO contents, and the results summed up to yield the GI value of the composite food. If all composite food ingredients had a GI value of zero (ingredient foods containing no CHO or a negligible amount of CHO), the GI of the composite food resulted in a zero value.
Results
A total of 2210 foods required a GI value, 2048 from the National FINDIET 2007 Survey and 162 from our foodfrequency questionnaire for population-based studies. The GI values of 1322 foods were from various sources and were added to the Finnish FCDB. For the remaining 888 foods, GI values were obtained through recipe calculation. Some of the standard vocabularies for value documentation defined by EuroFIR were well suited for describing the GI values added to the FCDB. The origin of the values (Acquisition type vocabulary), the methods used to derive the values (Method type vocabulary) and the qualitative characteristics of the values (Value type vocabulary) could be documented for all stored GI values by using existing descriptors of the EuroFIR standard vocabularies (Table 1) .
To document the origin of the literature-based GI values, the references for single GI values directly assigned to a food in our food list were stored (Acquisition type: 'value published in scientific paper', 105 values and 'value derived from food composition table', 14 values). To describe these stored references, Reference type vocabulary was used. If the value was based on several contributing values (Acquisition type: 'created within host-system', 896 values), no references for the original values could be stored.
As the GI is an index number, the term 'ratio' from the Unit vocabulary and the term 'not applicable' from the Matrix unit vocabulary were used to describe all the stored GI values. The EuroFIR vocabularies Component and Method indicator contained no applicable descriptors for GI values.
Discussion
To the authors' knowledge, this is the first paper describing the implementation of standardised value documentation for GI values when adding them to a national FCDB. In this paper, the focus was on the use of the core standard vocabularies of the EuroFIR project to describe GI values when adding them to the Finnish FCDB.
The origin of the GI values, the manner in which they are derived and their qualitative characteristics (Table 1) could be documented for all stored GI values by using existing descriptors of the EuroFIR standard vocabularies. These issues represent essential information about the GI values. In other papers describing the compilation of GI data sets, this information is conveyed without the standardised value documentation (Flood et al., 2006; Neuhouser et al., 2006; Olendzki et al., 2006; Martin et al., 2008; Schakel et al., 2008; Similä et al., 2009) .
In addition, the Unit and Matrix unit vocabularies provided descriptors suitable for GI values. The unit of a GI value is best described as 'ratio' according to the GI definition (FAO/WHO, 1998) . Moreover, the GI is independent of the amount of CHO-containing food consumed (Monro, 2002) and thus it is unreasonable to define a matrix unit. Therefore, the Matrix unit vocabulary term 'not applicable' is best suited for GI values.
Stored GI values adopted from the literature were either based on a single GI value (one reference) or on several contributing GI values (several references; GI value created within the host system). The Reference type vocabulary was suitable for describing the GI values based on one single reference value. The description of the references for the multiple contributing values was limited because the storing of the contributing values has not yet been implemented in the Finnish FCDB. A comprehensive documentation of the original references behind the values created by the GI data set compiler would, however, increase the traceability of the GI values in the FCDB.
We identified some standard vocabularies that still require further development by EuroFIR to more accurately suit the requirements of the GI values. The Method indicator (includes terms for documenting the original method of determination) and Component (includes terms for identifying the food component) vocabularies would have been appropriate for GI values, but they currently lack matching codes for the GI. Adding new descriptors and value identifiers to the vocabularies should pose no problem, because EuroFIR is expanding the food composition standards to cover new areas of food composition and food properties. In this area, work is progressing within the European Committee for Standardization, in which a Project Committee on food data has been launched (CEN, 2009) .
Considerations made by the GI data set compiler could be made more transparent with standardised value documentation procedures, as the process of assigning GI values to any large nutritional data set is challenging. As discussed in a recent paper of van Bakel et al. (2009) , there is a lack of GI values, especially for locally important, or even 'Europeanspecific', foods. Insufficient food descriptions (for example, plant variety, ripeness, food preparation methods) further complicate the matching of existing GI values to national foods. In addition, the GI measurement methods are important (Brouns et al., 2005; Wolever et al., 2008) and should be taken into account when gathering GI values from different sources.
The addition of GI values to FCDBs has several advantages. The authors showed that storing GI values enables direct profiting from existing recipe calculation procedures of the software used with traditional food composition data. In-house research projects in the field of GI can profit from the large scale of foods with already assigned GI values. At this stage, the addition of GI values to the Finnish FCDB seeks to enable in-house research activities in the field of GI in order to contribute to a deeper insight into the usefulness and feasibility of the GI concept in epidemiological settings. This is important because the scientific debate regarding the relevance of the GI concept as one possible predictor of metabolic diseases is persistent (Pi-Sunyer, 2002; Mann et al., 2007; Howlett and Ashwell, 2008; Aziz, 2009 ).
In conclusion, this work provides an example of expanding FCDBs with a food property measured as an in vivo physiological response. GI values can be stored in national FCDBs and documented using similar core standard vocabularies, as are developed for and used with traditional food composition data. However, it is an ongoing challenge for FCDBs to better meet the documentation requirements of new kinds of food components and food properties. Standardised GI value documentation represents one approach to transparent and thus comparable GI data sets used in epidemiological research.
